Introduction
In the study of the effects environmental factors have on the development of adolescent psychopathology, one line of research that has received prominent attention has been the study of expressed emotion. Expressed emotion (or: EE) is literally a measure of the emotions expressed by a significant family member or spouse to an individual suffering from a psychopathological disorder and is used as a predictor of relapse following hospitalization [1] . This line of research, started by George Brown in the 1950s, was first used to better understand why certain persons relapsed back into schizophrenia when living with a significant relative or spouse after hospitalization and why others did not relapse (e.g., Brown, 1985) [1] . It was found that certain aspects of the emotional climate at home seemingly augment the patient's symptoms, leading to relapse.
Initially, EE data were collected by interviewing the important family member with the Camberwell Family Interview (CFI) [2] as to his/her interaction with the patient. Scoring of the CFI EE interview focuses on three domains in which negative interpersonal interactions can occur in the household environment between the mother and the adolescent. Specifically, these domains are the mother's emotional over-involvement, hostility, and criticism to the adolescent. In previous cross-sectional studies based on the CFI interview of EE, high maternal EE has been found to be associated with high levels of adolescent internalizing [3, 4] and externalizing symptoms [5, 6] . This has led EE researchers to take the stance that mothers that express a great amount of EE on any or all of these three domains (which is commonly referred to in the literature as high EE) enhances an adolescent's symptom development; an EE effects model [7] . More importantly, many of the Abstract In expressed emotion (EE) theory, it is held that high EE household environments enhance adolescent psychopathological distress. However, no longitudinal study has been conducted to examine if either the mother's EE or the adolescent's perception of EE predicts adolescent internalizing and externalizing symptom dimensions (an EE effect model) or vice versa (psychopathological effect model) together in one model. To unravel the reciprocal influences of maternal and adolescent perceived EE to adolescent internalizing and externalizing symptom dimensions, we tested two (i.e., one for internalizing and one for externalizing) cross-lagged panel models. In this study, it was found that both internalizing and externalizing symptom dimensions predicted the adolescent's perception of maternal EE as well as the mother's own rated EE criticism over time. The findings of this study should give both researchers and therapists a reason to reevaluate only using the EE effects model assumption in future EE studies.
Keywords Adolescent · Expressed emotion · Externalizing symptoms · Internalizing symptoms · Longitudinal · Mother 1 3 present-day EE therapeutic interventions are based on the assumption that maternal EE enhances adolescent symptom development [2] . However, studies on the direction of effects between psychopathology and EE are not necessarily consistent, and therefore the question arises whether the parental EE effects model is correct.
Indeed, a number of recent adolescent-parent EE studies have explicitly challenged the assumed direction of effects [8] [9] [10] . These studies have found both bidirectional and child effects models in addition to maternal effects models as well. While earlier EE studies only interviewed of the provider of the EE, these recent adolescent-mother EE studies have used an EE questionnaire as opposed to an interview. Hence both the recipient and provider of the EE provided answers about the family EE climate. The findings of these recent EE studies have challenged the findings of previous EE studies that only examined unidirectional maternal effects. This use of EE questionnaires, which are quickly administrated and scored, as opposed to EE interviews (e.g., the CFI interview takes approximately 2 h to conduct and approximately 3 h to code), has allowed for prospective, longitudinal studies addressing effects of EE (as opposed to the traditional retrospective, cross-sectional studies of EE interviews based on the CFI).
One of the most used EE questionnaires that have been employed in recent adolescent-mother EE studies is the level of expressed emotion questionnaire (LEE) [11] [12] [13] . This questionnaire, much like the original CFI EE interview, focuses on the perspective of the person being asked about the family EE climate. Specifically, the 38-item version of the LEE questionnaire comprised four EE dimension scales. These four scales are criticism, which is related to the CFI EE domain of criticism, intrusiveness, which is related to the CFI EE domain of over-involvement, irritation, which is related to the CFI EE domain of hostility, and lack of emotional support, which purports to measure a general emotional negativity common in the EE household environment. Importantly, while in the original EE CFI interview studies it was the mother who was interviewed about the EE household environment, now both the mother and the adolescent can be asked with the LEE questionnaire.
However, most recent longitudinal EE studies have focused on just one person's perspective, either that of the mother or that of the adolescent. For example, a longitudinal study by Hale et al. [14] of the mothers' EE suggests that it is the course of the internalizing and externalizing symptoms of adolescents from the general community that affects maternal EE, and not the mothers' perceived EE influencing the course of the adolescents' symptoms. This study of Hale et al. [14] did not include the adolescent's perceived EE.
An important first step toward a longitudinal study that did include both the mother's and the adolescent's perspectives of the mother's EE, in one and the same study, found a bidirectional effect between adolescent depression and generalized anxiety disorder symptom dimensions and perceived maternal EE criticism [10] . This study also found stronger child effects (that of the adolescent internalizing symptom dimensions predicting perceived maternal EE criticism) than maternal effects. However, this study only focused on perceived maternal EE criticism and did not include either the other perceived EE factors (such as lack of emotional support, intrusiveness, and irritation) or adolescent externalizing symptom dimensions. So while this aforementioned study is an important first step, in order to understand if high EE household environments help create or enhance psychopathological symptomatology in adolescents (as is contented by previous EE CFI interview studies) or if the reverse is the case, measures of both adolescent and mother perceived EE need to be included in a longitudinal model addressing adolescent internalizing and externalizing symptom dimensions.
To tackle this omission in the EE literature, the goal of the present 6-year, longitudinal study is to include both the parent's and the adolescent's perspectives of all the parent's EE components in order to disentangle the effects various parental EE components have on the adolescent's internalizing and externalizing symptom development and vice versa. In order to accomplish this goal, data were used from the ongoing, longitudinal study of Research on Adolescent Development and Relationships (or: RADAR). The RADAR study collected LEE data from both adolescents and their mothers. While the longitudinal LEE study of mothers by Hale et al. [14] used this same database after 3 years of data collection, the present 6-year longitudinal study now also includes both the adolescent and mother responses on all LEE scales after 6 years of data collection so that in one and the same statistical model the effects of EE of both respondents can be compared to one another. By including the responses of both the receiver of EE (the adolescent) and the provider of EE (the mother) in the same model, the relative effects of EE on adolescent's internalizing and externalizing symptom development can be better understood.
Methods

Participants
Data were drawn from an ongoing longitudinal study conducted in the Netherlands and entitled RADAR (Research on Adolescent Development and Relationships) that collected data on adolescents and their mothers. For the current study, we used six waves of annual questionnaire data that were collected among 497 Dutch (283 boys and 214 girls) adolescents and their mothers. At the first measurement wave, adolescents were in the first year of junior high school and were 13.03 years old, on average (SD = 0.46). Mothers were 44.41 years, on average (SD = 4.45). Since this study followed the adolescents for 6 years, most of their adolescent development was followed from the age of 13 to 18 years.
Participants provided information for six waves, with 1-year intervals between each wave. Of the original sample, 425 families (86 %) were still involved in the study at Wave 6, and the average participation rate over the six waves was 90 %. More specifically, the average percentage of missing cases was 11.26, 12.34, and 11.21 % for maternal LEE, adolescent LEE, and adolescent problem behavior questionnaires, respectively. For each set of these variables, Little's Missing Completely at Random (MCAR) [15] test produced a statistically non-significant value (maternal LEE: χ 2 /df = 0.92, p = 0.810; adolescent LEE: χ 2 /df = 1.08, p = 0.118; adolescent problem behaviors: χ 2 /df = 1.08, p = 0.221), suggesting that data were missing completely at random. Therefore, all 497 adolescent-mother dyads were included in the analyses and missing data were estimated in Mplus 7.11 [16] using the Full Information Maximum Likelihood method [17] .
Procedure
Before the start of the study, adolescents and their mothers received written information about the research and they provided written informed consent. Each year, the adolescents and their mothers filled in questionnaires during home-visits. Trained research assistants provided verbal instructions, given just prior to the filling in of the questionnaires to compliment the written instructions printed above each questionnaire. Other research assistants conducted the data entry to ensure that the data remained anonymous. This study was approved by the medical ethics committee of University Medical Center Utrecht (The Netherlands).
Measures
Adolescent and maternal expressed emotion
We employed the 38-item Dutch version of the level of expressed emotion, which takes approximately 5 min to complete [14] . The LEE assesses four EE dimensions: lack of emotional support (19 items), intrusiveness (7 items), irritation (7 items), and criticism (5 items) [14] . The questionnaire, filled in by both the adolescent and the mother, is scored on a four-point scale ranging from 1 = 'untrue' to 4 = 'true,' so high LEE scores correspond to perceived high levels of lack of emotional support, intrusiveness, irritation, and criticism of the parents (for the adolescent's version of the LEE) or the mother's perception of her own high expressed emotion (for the mother's version of the LEE). The questionnaire items for the mother and adolescent versions refer to the same content but are worded somewhat differently to reflect receiving EE from his/her parents on the part of the adolescent or providing EE on the part of the mother. Sample items from the adolescent and mother versions of the LEE (respectively) include the following: "Accuse me of exaggerating when I say I'm unwell/ Accuse my child of exaggerating when he/she says he/she is unwell" (for lack of emotional support), "Are always nosing into my business/Am always nosing into my child's business" (for intrusiveness), "Fly off the handle when I don't do something well/Fly off the handle when my child doesn't do something well" (for irritation), and "Are critical of me/Am critical of my child" (for criticism),
With respect to the psychometric qualities of the LEE, prior studies demonstrated with confirmatory factor analyses that the factor structure of the LEE applied well to both adolescents [18] and mothers [14] .
In this study, the range of Cronbach's internal consistency coefficients of the LEE subscales across the six waves were as follows: lack of emotional support (adolescent: Both the mother and the adolescent versions of the LEE (and the scale-scoring key) are available by request from the first author.
Adolescent internalizing symptoms
Adolescent internalizing symptom dimensions were measured with the 23-item Reynolds Adolescent Depression Scale [19] . The questionnaire is composed of 23 items referring to various depressive symptom categories such as mood, vegetative, cognitive, and psychomotor disturbances. The questionnaire, filled in by adolescents, is scored on a four-point scale ranging from 1 = 'almost never' to 4 = 'most of the time,' and the items scores were summed into one internalizing symptoms dimension score. Mean scores were used for the analyses. The RADS questionnaire had high internal consistency for each of the six annual waves (α s = 0.93-0.95).
Adolescent externalizing symptoms
Adolescent externalizing behavior symptom dimensions were measured by the 30-item externalizing scale (that consists of the 19-item aggression behavior symptom subscale and the 11-item delinquency behavior symptom subscale) of the Youth Self-Report [20] . The questionnaire, filled in by the adolescent, is scored on a three-point scale ranging from 0 = 'never,' 1 = 'sometimes,' to 2 = 'often' and the items scores were summed into one externalizing symptoms dimension score. Mean scores were used for the analyses. The YSR questionnaire had high internal consistency for each of the six annual waves (α s = 0.87-0.91).
Strategy of Analysis
For unraveling reciprocal influences of maternal and adolescent perceived EE to adolescent internalizing and externalizing symptom dimensions, we tested two (i.e., one for internalizing and one for externalizing) cross-lagged panel models in Mplus. A schematization of the tested model, reported in a simplified version with two time points, is displayed in Fig. 1 
We tested the model fit by means of the (a) χ 2 /df ratio that should be lower than 3, (b) the Comparative Fit Index (CFI) that should be higher than 0.90, and (c) the Root Mean Square Error of Approximation (RMSEA) that should be lower than 0.08 [22] . To model the associations between maternal and adolescent EE and problem behaviors as parsimoniously as possible, we first tested timeinvariant models, in which cross-lagged paths and T2-T6 within-time correlations were fixed to be equal across time. Thus, we compared these models with models in which cross-lagged paths were free to vary across time. If freeing cross-lagged paths did not result in an improvement in the model fit, we chose the more parsimonious (time-invariant) models as the final ones. In order to determine significant differences between models, at least two out of these three criteria had to be matched: a significant Δχ 2 test [20] , ΔCFI ≥ −0.010, and ΔRMSEA ≥ 0.015 [23] . Since we tested complex models, in order to reduce probability of Type I error (i.e., rejecting the null hypothesis when the null hypothesis is true), we used the more conservative value of 0.01 as the cutoff for the level of significance.
Results
Descriptive statistics and correlations
Means, standard deviations, and correlations among study variables computed at the first wave are reported in Table 1 (the same statistics computed for all the other five waves can be obtained from the first author upon request). As can be seen, mother and adolescent LEE dimensions were positively and significantly correlated with adolescent internalizing and externalizing problem behaviors (only the correlation between mother intrusiveness and adolescent internalizing symptoms was not significant).
Cross-lagged models
Results of model testing are reported in Table 2 . As can be seen, both for the model on internalizing symptoms and for the model on externalizing symptoms, we could retain the most parsimonious solution, which is the model assuming equality of cross-lagged paths and T2-T6 within-time correlations. Ancillary multi-group analyses indicated that cross-lagged effects for both the internalizing and the externalizing models were equal across gender groups. Thus we will only discuss the results obtained in the total sample.
Adolescent internalizing symptoms
First, it was found that all the within-time correlations (Table 3 ) of the adolescents' internalizing symptoms and the LEE dimensions were significant. Additionally, the model on reciprocal relationships between maternal and adolescent LEE and internalizing symptoms indicated a number of significant cross-lagged paths (Fig. 2) . The main direction of effects was from adolescent internalizing symptoms to LEE dimensions. Specifically, internalizing symptoms predicted levels of all adolescent LEE dimensions (i.e., lack of emotional support, intrusiveness, irritation, and criticism) as well as mother criticism over the course of adolescence.
Adolescent externalizing symptoms
Here it was also found that all the within-time correlations (Table 3) the LEE dimensions were significant. The model on reciprocal relationships between maternal and adolescent LEE and externalizing symptoms revealed that all the effects had the same direction, from adolescent externalizing symptoms to LEE dimensions (Fig. 3) . More specifically, adolescent externalizing symptoms predicted three out of four adolescent LEE dimensions (i.e., lack of emotional support, irritation, and criticism) and mother criticism.
Discussion
This 6-year, longitudinal study found that both internalizing and externalizing symptoms predicted the adolescent's perception of maternal expressed emotion over time. Furthermore, both internalizing and externalizing symptom dimensions predicted the mother's perception of her own EE criticism toward her adolescent over time. It should be noted that this is the first longitudinal study that included both the adolescent's and the mother's perceptions of the different facets of the EE household environment when studying the effects EE and adolescent psychopathological symptoms have on one another. In a nutshell, this study demonstrated that adolescent psychopathological symptom dimensions are predictive of an adolescent's perceptions of the EE household environment and the mother's perception of her own EE criticism. Presently, in EE theory, it is commonly held that high EE household environments help enhance adolescent psychopathological distress (an EE effect model). This view is based on Hooley's central hypothesis [24, 25] that high EE in relatives (such as mothers) reflects their underlying beliefs that the patient (such as adolescents) could do more to control their psychopathological symptoms if the adolescent desired to do so and that the failure to control their psychopathological symptoms is due to a unique intrapersonal factor of the patient (for example, a personal habit). This is also known in psychotherapies that focus on high EE household environments as "blaming the patient." According to a highly cited review of the literature on relative EE and patient psychopathological symptoms, the authors state that all of the published investigations in their literature review of adults and children confirmed this hypothesis [26] . However, the authors do note that a limitation is that most of the studies that they included in their review are cross-sectional and they only employ correlational analyses.
Importantly, in this 6-year longitudinal study of maternal EE and adolescent psychopathological symptoms, it was demonstrated that a psychopathological effect model (the adolescent's psychopathological symptoms) is a better explanation of the association between parent/adolescent EE and adolescent psychopathological symptom dimensions (in other words, adolescent symptoms enhancing EE) than an EE effect model. These findings seem to contradict the commonly held view that high EE household environments help enhance adolescent psychopathological distress.
This point leads back to considerations about family treatments of adolescent internalizing and externalizing symptom dimensions. Most family treatments that employ the EE concept focus on an EE effects model [the EE provider (i.e., the mother) affecting the EE receiver (i.e., the child)] [27] . A psychopathological effects model, in which the child's psychopathological symptoms elicit EE from the mother, has received much less attention in therapies designed to reduce EE. It is quite conceivable that both a psychopathological effects model (as has been found in this study) as well as an EE effect model (as has been found in previous studies such as Hale et al. [9, 18] ) help explain the relationship between maternal EE and the course of adolescent internalizing and externalizing symptoms. Specifically, in Cognitive Therapy, a major focus of the therapy is on the beliefs a person holds as to his or her interactions with others. This "belief" is literally the person's perception of the interactions he or she has with others. Hence it is possible that psychotherapies that use the EE concept could be refined to incorporate these divergent perceptions on the part of the mother as well as the part of the adolescent.
With respect to the limitations of this study, it should be noted that EE was only measured with the LEE and that the CFI interview was not used. In an overview of the measures of EE, it has been discussed whether questionnaire-based measures of EE measure EE in the same way as the CFI interview does, while also raising the point that clinically useful and accessible EE alternatives for the CFI interview are needed [28] . Therefore, it is not possible to judge if the LEE findings of this study would be similar to the CFI interview measured EE and future studies are recommended to address this issue. However, as previously stated, the LEE has good psychometric properties and an advantage that the LEE holds over the CFI is that the LEE can be quickly administrated and scored, as opposed to the CFI (which takes several hours to conduct and code) thereby better allowing for prospective, longitudinal studies addressing effects of EE. Secondly, with respect to the LEE, the results of this study are limited by only studying maternal EE and not collecting paternal EE data as well. We would suggest that future research should also collect the fathers' EE scores since previous research has shown that there is a unique interplay between an adolescent's internalizing symptoms and his/her father's behaviors which is not necessarily the same as the mother's behaviors [29] .
Finally, it should also be noted that the correlations between the mothers' and the adolescents' rated LEE scores were significant, but low (see Table 1 ). As noted by Bögels and Van Melic [30] , low correlations between child and parent ratings of parental behaviors commonly occur in such studies and they suggest that a reason for this occurrence might be personal biases associated with the child's perspective and the mother's own perspective. While direct observation of behaviors might help solve this perspective problem, these same authors also suggest that an advantage that questionnaires have over home observations is that questionnaires are less intrusive and the respondent's "answers are based on home observations and infinite samples of behavior across infinite situations and tasks" (p. 1585) [30] . Additionally, this study focused only on self-reports of internalizing and externalizing symptoms from adolescents from the general community. This should not be confused with a clinical diagnosis of a psychiatric disorder. A structured clinical interview could have been used to help determine the strength of the relationship between the adolescents' self-reports of internalizing and externalizing symptoms and an actual diagnosis of these related disorders. Moreover, these adolescents came from the general community, whereas many previous studies of EE and adolescent internalizing and externalizing symptoms came from clinical populations. However, it has also been suggested that prospective longitudinal community studies of psychopathological symptom dimensions may help circumvent the problem of referral bias that frequently occurs in the clinical setting and may better characterize the course of developmental psychopathological symptoms [31] . Nevertheless, future studies in the clinical setting should be conducted to replicate these findings.
It could also be asked if self-reports by 13 year olds (the first wave of this study) could be considered accurate. The questionnaires that were used for the internalizing (RADS) and externalizing (YSR) symptom dimensions have shown good psychometric properties in various studies for children of 13 years of age or younger (RADS: e.g., [32] ; YSR: e.g., [33] ). However, there has been much less study of age groups with EE questionnaires such as the LEE. Previous studies have found the psychometric properties of the LEE with adolescents of 13 years or older to be good [9, 18] . Still, there have been much less studies with the LEE with adolescents as there has been with the RADS and the YSR. Hence, future studies with the LEE in adolescent populations may further address this current issue.
In conclusion, the results of this longitudinal EE study that followed adolescents from 13 to 18 years of age found that both internalizing and externalizing symptom dimensions predicted the adolescent's perception of maternal EE as well as the mother's own rated EE criticism over time.
As was previously noted, in EE theory, it is commonly held that high EE household environments help enhance adolescent psychopathological distress (an EE effect model). However, this study found a psychopathological effect model contradicting the commonly held view that high EE household environments help enhance adolescent psychopathological distress. The findings of this study should give both researchers and therapists a reason to reevaluate only using the EE effects model assumption in future EE studies.
